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(54) WAVELENGTH PLATE, AND OPTICAL PICKUP UNIT EQUIPPED WITH THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a wavelength plate for 
actualizing an optical pickup unit which has a superior jitter 
characteristics by suppressing a variation in a photodetection 
quantity of return light by an optical detector and maintaining a 
photodetection quantity at a specific level. 
SOLUTION: The wavelength plate 1 has two kind of phase 
difference areas A and B formed in specific pattern on the light 
passing surface of its substrate 1 . This pattern is so formed 
that when light travels in the wavelength plate 1 forward and 
backward, light passing through the same phase difference area 
and light passing through the different phase difference area 
become equal in the quantity of light. Therefore, when the 
wavelength plate 1 is used for the optical pickup unit, the level 
of the photodetection quantity of return light by the optical 
detector and the range of the variation in the photodetection 
quantity can be set by controlling the phase difference between 
the phase difference areas A and B. Consequently, the 
wavelength plate 1 can be provided which is not affected by the 
birefringence of an optical recording body and has superior jitter 
characteristics. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] It is formed in the optical passage side of a substrate and this substrate, and has two or more kinds 
of phase contrast fields which give different phase contrast to the light which passes through the optical 
passage side concerned. Such phase contrast area size The wavelength plate characterized by being formed 
so that the quantity of light of the passage light to which it goes and comes back through said phase contrast 
field of the same class, and the quantity of light of the passage light to which it goes and comes back 
through said phase contrast field of a different class may become almost equal. 

[Claim 2] The wavelength plate characterized by being set up so that it may have the 1 st and 2nd phase 
contrast fields as said phase contrast field and the difference between the phase contrast by the phase 
contrast field of these 1st and the phase contrast by the 2nd phase contrast field may serve as a multiple of pi 
in claim 1 . 

[Claim 3] It is formed in the optical passage side of a substrate and this substrate, and has two or more kinds 
of phase contrast fields which give different phase contrast to the light which passes through the optical 
passage side concerned. Such phase contrast area size The wavelength plate characterized by being formed 
so that it may become twice the quantity of light of the passage light to which it goes and comes back 
through said phase contrast field of the class from which the quantity of light of the passage light to which it 
goes and comes back through said phase contrast field of the same class differs. 

[Claim 4] The wavelength plate characterized by being set up so that it may have the 1st and 2nd phase 
contrast fields as said phase contrast field and the difference between the phase contrast by the phase 
contrast field of these 1st and the phase contrast by the 2nd phase contrast field may serve as a multiple of 
2pi/3 in claim 3. 

[Claim 5] Crystall luminescence shaft orientation is a wavelength plate characterized by being formed from 
the birefringence film with which thickness differs although each of said phase contrast field has gathered in 
claim 1 thru/or either of 4. 

[Claim 6] It is the wavelength plate with which said phase contrast field is characterized by the thing of the 
birefringence film, a dielectric film, and the air spaces currently formed by any one at least in claim 1 
thru/or either of 5. 

[Claim 7] It is the wavelength plate characterized by equipping said phase contrast field with an 
antireflection film in claim 1 thru/or either of 6. 

[Claim 8] It is the wavelength plate which said substrate is a rectangle in claim 1 thru/or either of 7, and is 
characterized by setting the direction of each side of this substrate as a predetermined include angle to the 
crystall luminescence shaft orientation of said 1st phase contrast field or said 2nd phase contrast field. 
[Claim 9] Optical pickup equipment characterized by having the objective lens which makes the outgoing 
radiation light from the wavelength plate specified in claim 1 thru/or one term of 8, the light source which 
carries out outgoing radiation of the light which passes this wavelength plate, and said light source which 
passed said wavelength plate condense as an optical spot on an optical recording medium, and the beam 
splitter which leads the return light from said optical recording medium to a photodetector. 
[Claim 10] Optical pickup equipment characterized by the crystall luminescence shaft orientation of said 
wavelength plate and the crystall luminescence shaft orientation of said optical recording medium being in 
agreement in claim 9. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to wavelength plates, such as a quarter- wave length plate used 
in order to separate the outgoing radiation light from the light source, and the return light from ah optical 
recording medium, in the optical pickup equipment for performing playback and record of an optical 
recording medium, or one [ these ] actuation. 
[0002] 

[Description of the Prior Art] The optical pickup equipment of a polarization system with which the 
polarization beam splitter (PBS) and the quarter-wave length plate have been arranged on the optical path 
from a laser light source to a photodetector as optical pickup equipment for reproducing optical recording 
media, such as a compact disk (CD), is known. After the outgoing radiation light from a laser light source 
passes PBS and a quarter- wave length plate, such optical pickup equipment is irradiated as an optical spot 
on the recording surface of an optical recording medium, and it is constituted so that the return light from 
this recording surface may pass a quarter- wave length plate and PBS again. If the return light from a 
recording surface passes along a quarter- wave length plate, it will be changed into the laser beam of 
polarization bearing different 90 degrees from polarization bearing of the outgoing radiation light from a 
laser light source, and it is led to the photodetector formed in the different direction from the direction of a 
laser light source. Such optical pickup equipment of a polarization system is excellent in the field of the use 
effectiveness of light, and that to the optical pickup equipment for recording information on an optical 
recording medium is used. [ many ] 
[0003] 

[Problem(s) to be Solved by the Invention] Here, the reflector of an optical recording medium is also 
equipped with form birefringence. For this reason, from an optical recording medium to return light not 
only phase contrast with a quarter- wave length plate but the phase contrast by the form birefringence of an 
optical recording medium is produced. Therefore, the return light which passed along the quarter-wave 
length plate will not turn into the linearly polarized light, but will turn into elliptically polarized light, and 
only a perpendicular linearly polarized light component will not become to polarization bearing of the 
outgoing radiation light from a laser light source, but an parallel linearly polarized light component will be 
contained. When the amount of birefringences by the optical recording medium cannot be disregarded fault 
which is explained below arises. 

[0004] Relation with the light income of the return light by the phase contrast and the photodetector which 
are produced by the form birefringence of the optical recording medium at the time of using a quarter- wave 
length plate for drawing 6 (A) is shown. In addition, ratio Pr/Po of the light income Pr of the return light by 
the photodetector and the quantity of light Po of the outgoing radiation light from a laser light source has 
shown the axis of ordinate. As shown in this drawing, if the phase contrast by the form birefringence of an 
optical recording medium is included in return light, with the optical pickup equipment using a quarter-wave 
length plate, the light income Pr of the return light by the photodetector will fall according to that phase 
contrast. When the phase contrast especially produced by the form birefringence of an optical recording 
medium is pi radian, the return light led to a photodetector becomes zero, and the information signal from an 
optical recording medium is no longer acquired. 

[0005] Moreover, since the form birefringence which an optical recording medium has changes with 
locations, the phase contrast given to return light changes with rotation of an optical recording medium. For 
this reason, if the phase contrast produced by the form birefringence of an optical recording medium varied 
in the range which is 0 - pi radian, the light income Pr of the return light by the photodetector is changed in 
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0-1 . Fluctuation of the light income Pr of this return light will worsen the fluctuation O'itter) property of the 
output signal from a photodetector. 

[0006] Here, by using 1/8 wavelength plate instead of a quarter- wave length plate, if the phase contrast 
produced by the form birefringence of an optical recording medium is within the limits which is 0 - pi 
radian, as shown in drawing 6 (B), it can prevent the return light led to a photodetector becoming zero. 
Furthermore, fluctuation of the light income Pr of the return light by the photodetector can be stored in 
about 0.5 to 1 range. However, possibility that the return light by which the range of fluctuation of light 
income Pr is large, and is led to a photodetector will become zero is left behind. 

[0007] It is by maintaining light income on fixed level to propose the wavelength plate for realizing optical 
pickup equipment excellent in the jitter property while the technical problem of this invention can maintain 
the light income of the return light by the photodetector on fixed level, abolishes possibility that light 
income will become zero and controls fluctuation of light income further. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention is 
formed in the optical passage side of a substrate and this substrate, and he is trying to use the next 
configuration for it in the wavelength plate equipped with two or more kinds of phase contrast fields which 
give different phase contrast to the light which passes through the optical passage side concerned. That is, 
the configuration formed so that the quantity of light of the passage light to which it goes and comes back 
through the phase contrast field of the same class, and the quantity of light of the passage light to which it 
goes and comes back through the phase contrast field of a different class might become almost equal is used 
for such phase contrast area size as the 1st configuration. 

[0009] In the wavelength plate of this invention, since it differs for every phase contrast field which the 
phase contrast which receives predetermined phase contrast and is received at this time passes when light 
passes through a phase contrast field, the light which the phase contrast from which some kinds differed has 
produced will be contained in the light which passed the wavelength plate. For this reason, it sets to the 
optical pickup equipment of the polarization system which penetrates or reflects only the light of 
perpendicular polarization bearing in the predetermined direction to polarization bearing of the outgoing 
radiation light from the light source. Though the phase contrast by the form birefringence of an optical 
recording medium was included in return light from the optical recording medium, the light which had the 
component of perpendicular polarization bearing to polarization bearing of outgoing radiation light always 
exists in the return light which passed the wavelength plate of this invention. Therefore, since the quantity of 
light of the return light which a photodetector reads does not become zero, the information signal from an 
optical recording medium can be acquired certainly. 

[0010] Moreover, in the wavelength plate of this invention, by controlling the phase contrast of a Gentlemen 
phase reference field, light income of the return light by the photodetector can be carried out more than 
fixed level, and fluctuation of light income can also be lessened further. Therefore, the wavelength plate 
suitable for optical pickup equipment excellent in the jitter property can be offered. 

[001 1] When it considers as the wavelength plate equipped with the 1st and 2nd phase contrast fields, it is 
desirable to set up so that the difference between the phase contrast by the 1 st phase contrast field and the 
phase contrast by the 2nd phase contrast field may serve as a multiple of pi. Thus, if it sets up, even if the 
phase contrast by the form birefringence of an optical recording medium has arisen in return light, the light 
income of the return light by the photodetector is maintainable on fixed level. For this reason, the optical 
pickup equipment of a polarization system which is not influenced by the form birefringence of an optical 
recording medium is realizable by using the wavelength plate of this invention. 

[0012] Moreover, the configuration formed so that it might become twice the quantity of light of the passage 
light to which it goes and comes back through the phase contrast field where the quantity of lights of the 
passage light to which each phase contrast area size goes and comes back through the phase contrast field of 
the same class as the 2nd configuration of the wavelength plate of this invention differ is employable. In 
such a configuration, when it considers as the wavelength plate equipped with the 1st and 2nd phase contrast 
fields, it is desirable to set up so that the difference between the phase contrast by the 1st phase contrast field 
and the phase contrast by the 2nd phase contrast field may serve as a multiple of 2pi/3. 
[0013] Although each phase contrast field of the wavelength plate of this invention has gathered, it can form 
crystall luminescence shaft orientation from the birefringence film with which thickness differs. Moreover 
each phase contrast field can form inside [ it is the birefringence film, a dielectric film, and an air space ] by 
any one at least. Furthermore, if the antireflection film is formed in the phase contrast field, since reflection 
of light can be prevented, the wavelength plate excellent in the use effectiveness of light can be offered. 
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[0014] It is desirable to use a rectangular thing, and to set up as a substrate of the wavelength plate of this 
invention, so that the direction of each side of this substrate may serve as a predetermined include angle to 
the crystall luminescence shaft orientation of said 1st phase contrast field or said 2nd phase contrast field. If 
it does in this way, in case a wavelength plate is mounted in an optical pickup, each side serves as a mark to 
crystall luminescence shaft orientation. For this reason, it is easy to mount a wavelength plate in an optical 
pickup. 

[0015] It has the light source which carries out outgoing radiation of the light which passes along a 
wavelength plate as optical pickup equipment using the wavelength plate of this invention, the objective lens 
which makes the light which passed along said wavelength plate condense as an optical spot on an optical 
recording medium, and the beam splitter which leads the return light from said record medium to a 
photodetector. In such optical pickup equipment, when the crystall luminescence shaft orientation of an 
optical recording medium is known, it is desirable to double the crystall luminescence shaft orientation of 
the wavelength plate of this invention with the crystall luminescence shaft orientation of an optical 
recording medium. 
[0016] 

[Embodiment of the Invention] With reference to a drawing, the gestalt of operation of this invention is 
explained below. 

[0017] [Gestalt 1 of operation] drawing 1 (A) is the perspective view of the wavelength plate which applied 
this invention. As shown in this drawing, the wavelength plate 1 of this example is equipped with two kinds 
of phase contrast fields A and B formed in the front face (optical passage side) 201 of the rectangular 
substrate 2 and this substrate 2. The direction of each side of a substrate 2 is set up so that it may become a 
predetermined include angle to the crystall luminescence shaft orientation of the phase contrast field A or 
the phase contrast field B. The substrate 2 is formed from the glass substrate, the silicon substrate, the 
plastic plate, etc., and let it be a transparent thing to the wavelength of the light which carries out incidence 
to a wavelength plate 1. Moreover, it has the front face 201 and rear face 202 which were made flat [ a 
substrate 2 ], and these fields 201 and 202 are the optical passage sides 201 and 202 through which the 
outgoing radiation light from the light source and the return light from an optical recording medium pass. In 
drawing 1 (A), the circular field R shown with a broken line is a field where a laser beam is irradiated. In 
addition, in a publication and drawing of these following specifications, the circular field R where light is 
irradiated among wavelength plates shall be taken out, and it shall explain and illustrate. 
[0018] As shown in drawing 1 (B), two kinds of phase contrast fields A and B are formed in the circular 
field R to which a laser beam is irradiated among the optical passage sides 201 of a substrate 2 at the pattern 
predetermined in the same area (magnitude). The phase contrast field A is formed in the range of 135 
degrees to the core O of the optical passage side 201, and the phase contrast field B is clockwise formed in 
the range of 45 degrees in this sequence in the phase contrast field B and the range of 45 degrees toward the 
drawing in the wavelength plate 1 of this example at the phase contrast field A and the range of 135 degrees 
from this phase contrast field A. 

[0019] The phase contrast field A is formed from the birefringence film 3 of predetermined thickness. The 
birefringence film 3 vapor-deposits inorganic substances, such as tantalum pentoxide, tungstic oxide, a 
bismuth trioxide, and titanium oxide, to the optical passage side 201 of a substrate 2 from the direction 
which makes a predetermined include angle to the direction of a normal. Moreover, this birefringence film 3 
can be formed so that it may have an optical operation of a quarter- wave length plate, 1/8 wavelength plate, 
etc. by adjusting thickness. For this reason, the light which passed through the phase contrast field A 
receives the predetermined phase contrast only for wavelength A'. 

[0020] The phase contrast field B is formed from the birefringence film 4 of predetermined thickness, and 
the same inorganic substance as the phase contrast field A is vapor-deposited. For this reason, the light 
which passed through the phase contrast field B also receives the predetermined phase contrast only for 
wavelength B' by adjusting the thickness of the birefringence film 4. 

[0021] In addition, it is not necessary to form the birefringence film 3 and 4 of the phase contrast fields A 
and B from the same inorganic substance, and it can also be formed from the ingredient equipped with form 
birefringence, such as Xtal and a high polymer film. Moreover, it is also possible to form one phase contrast 
field from a transparent ingredient to an air space or light instead of giving form birefringence to both phase 
contrast fields A and B. Furthermore, one side of the phase contrast fields A and B may be formed from a 
dielectric film. An antireflection film may be formed in the phase contrast fields A and B, in order to 
prevent reflection of light and to raise the use effectiveness of light further again. 

[0022] As the manufacture approach of the birefringence film 3 and 4, a spatter can also be used instead of 
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vacuum evaporationo. In producing the birefringence film 3 and 4 by vacuum evaporation© or the spatter, it 
becomes easy to form the phase contrast fields A and B by using a metal mask in a predetermined pattern. 
Moreover, the birefringence film 3 and 4 may be produced by lengthening a high polymer film in the one 
direction, and you may manufacture so that this lengthened high polymer film may be stuck to a substrate 
after this. Furthermore, it is also possible to cut into a predetermined configuration Xtal, lithium niobate 
(LiNb03), etc. which have form birefringence with crystal growth, and to stick this cut Xtal to a substrate. 
[0023] the light La which passed through the phase contrast field A and received the phase contrast for A' 
wavelength when incoherent light L carried out incidence to the wavelength plate 1, as shown in drawing 2 , 
and the phase contrast field B — passing ~ B' ~ outgoing radiation of the incoherent light L equipped with 
the light Lb which received the phase contrast for wavelength is carried out from a wavelength plate 1 . 
Then, in case it is reflected with an optical recording medium etc. and incoherent light L carries out 
incidence to a wavelength plate 1 again, as shown in drawing 3 , Light La and Lb carries out incidence from 
the location which became the light La and Lb by which outgoing radiation was carried out, and point 
symmetry from the wavelength plate 1 . 

[0024] Consequently, the light Laa which passed through the phase contrast field A twice, and received the 
phase contrast for 2A' wavelength when incoherent light L passed the wavelength plate 1 again, The light 
Lab which passed through the phase contrast field B and received the phase contrast for wavelength (A'+B') 
after passing through the phase contrast field A, After passing through the phase contrast field B, the light 
Lba which passed through the phase contrast field A and received the phase contrast for wavelength (A'+B'), 
and the light Lbb which passed through the phase contrast field B twice, and received the phase contrast for 
2B' wavelength will exist. Furthermore, since these four kinds of light Laa, Lab, Lba, and Lbb has the equal 
rate of occupying in incoherent light L, the whole of each quantity of light is equal. In addition, since it can 
be regarded as that by which the light by which outgoing radiation was carried out from the wavelength 
plate 1 condenses to one point, and the point is emitted to it as the light source in the case of coherent light, 
also when coherent light goes and comes back to a wavelength plate 1 , four kinds of light Laa, Lab, Lba, 
and Lbb exists, and all also of the quantity of light of such light Laa, Lab, Lba, and Lbb become equal. 
[0025] In addition, what is necessary is just to adopt a pattern with which all of the quantity of light of four 
kinds of light Laa, Lab, Lba, and Lbb become equal as a pattern of the phase contrast fields A and B formed 
in the part by which light is irradiated among the optical passage sides 201 of a wavelength plate 1, even if 
not only the above-mentioned pattern but incoherent light goes and comes back to a wavelength plate. For 
example, a pattern as shown in drawing 4 (A) - (D) is employable. Drawing 4 (A) The pattern shown in - 
(D) has the equal quantity of light of the light with which any pattern is irradiated by the phase contrast 
fields A and B, and the quantity of light of four kinds of light Laa, Lab, Lba, and Lbb becomes equal further. 
Moreover, when treating only coherent light, the pattern which the lens effectiveness produces [ the period 
of a path ] in a concentric circle with a in general equal area as shown in drawing 4 (E) is sufficient. 
Furthermore, it is also possible to form three or more kinds of phase contrast fields instead of forming two 
kinds of phase contrast fields A and B. In this case, what is necessary is just to form so that the quantity of 
light of the passage light which goes and comes back to such phase contrast area size through the phase 
contrast field of the same class, and the quantity of light of passage light to which it goes and comes back 
through a different phase contrast field may become almost equal. 

[0026] Thus, the constituted wavelength plate 1 can be used in the optical pickup equipment of the 
polarization system to an optical recording medium as one of the optics which constitute it. Based on 
drawing 5 , the optical pickup equipment of a polarization system using the wavelength plate 1 which 
applied this invention is explained, drawing 5 -- an optical pickup — equipment — 20 - an outline - a 
configuration -- being shown - as -- an optical pickup - equipment - 20 - optical system - a laser light 
source - it is - a laser diode - (-- LD --) — 21 ~ from - outgoing radiation — carrying out - having had -- a 
laser beam ~ Lo — an optical recording medium — 25 — condensing — making - a sake — an outward trip - 
an optical recording medium - 25 - from - return — light - Lr ~ a photodetector -- 29 -- leading - a sake - 
- a return trip ~ having -- **** . The grading lens 22, the polarization beam splitter (PBS) 23, the 
wavelength plate 1 , and the objective lens 24 are arranged in this sequence toward the optical recording 
medium 25 at the outward trip from LD21 . The grading lens 22 is constituted so that the laser beam Lo from 
LD21 may be divided into five laser beams. 

[0027] In optical pickup equipment 20, the laser beam Lo by which outgoing radiation was carried out from 
LD21 is divided into five laser beams by the grading lens 22. These five division light can change a 
travelling direction about 90 degrees, and is led to a wavelength plate 1 by PBS23. 
[0028] The crystall luminescence shaft orientation of the birefringence film 3 and 4 and the crystall 
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luminescence shaft orientation of an optical recording medium 25 from which a wavelength plate 1 
constitutes the phase contrast fields A and B are put together. As mentioned above, the wavelength plate 1 is 
set as the include angle predetermined in the direction of each side of a substrate 2, and the crystall 
luminescence shaft orientation of the phase contrast field A or the phase contrast field B. Therefore, the 
crystall luminescence shaft orientation of the birefringence film 3 and 4 and the crystall luminescence shaft 
orientation of an optical recording medium 25 which constitute the phase contrast fields A and B can be 
easily doubled by arranging a wavelength plate 1 by considering each side of a substrate 2 as a mark. 
[0029] Moreover, the thickness of each birefringence film 3 and 4 is determined so that, as for a wavelength 
plate 1, 3/8 wavelength plate and the phase contrast field B may have [ the phase contrast field A ] the 
optical operation as 1/8 wavelength plate. For thickness, the thickness dl of 1/8 wavelength plate is 
lambda/8=dl (ne-no). 

However, ne : Refractive index no to abnormality light : Refractive index lambda to Tsunemitsu : It is the 
wavelength of a laser beam Lo and the thickness d3 of 3/8 wavelength plate is 31ambda/8=d3 (ne-no). 
It becomes. Moreover, about the thickness of the birefringence film 3 and 4 of the phase contrast fields A 
and B, if the phase contrast by the phase contrast field A and the phase contrast field B is fulfilled, it is also 
possible to change the ingredient of the birefringence film 3 and 4 which constitutes the phase contrast fields 
A and B, and to make the same each thickness of the phase contrast fields A and B. About selection of the 
ingredient of the birefringence film 3 and 4, it is desirable to choose an ingredient whose wave aberration 
decreases. 

[0030] The light La which passed through the phase contrast field A in the division light which passed the 
wavelength plate 1, and received the phase contrast for 3/8 wave in it as mentioned above, and the light Lb 
which passed through the phase contrast field B and received the phase contrast for 1/8 wave arise. The 
division light containing such light La and Lb is condensed by the recording surface 25 1 of an optical 
recording medium 25 as an optical spot through an objective lens 24, respectively. It is reflected receiving 
intensity modulation based on the data recorded on the recording surface 25 1, and the condensed division 
light is led to a return trip as a return light Lr, respectively. 

[003 1] An objective lens 24, a wavelength plate 1, and PBS23 are arranged in this sequence toward the 
photodetector 29 at the return trip from the optical recording medium 25. The return light Lr from an optical 
recording medium 25 is led to a wavelength plate 1 through an objective lens 25. The return light's Lr 
passage of a wavelength plate 1 produces the light Laa which received the phase contrast for 3/4 wave, the 
light Lab which received the phase contrast for 1/2 wave, the light Lba which similarly received the phase 
contrast for 1/2 wave, and the light Lbb which received the phase contrast for quarter- wave length by the 
phase contrast fields A and B, as mentioned above. All of the quantity of light of such light Laa, Lab, Lba, 
and Lbb are equal. The return light Lr containing these four kinds of light Laa, Lab, Lba, and Lbb is led to 
PBS23, and only the polarization direction component perpendicular to polarization bearing of the outgoing 
radiation light Lo from LD21 penetrates PBS23, and it is led to a photodetector 29. The photodetector 29 is 
equipped with five photo detectors, and the return light Lr condenses to these photo detectors, respectively. 
Based on the optical spot which received light by these five photo detectors, a focusing error signal (FE 
signal), a tracking error signal (TE signal), and a pit signal (RF signal) can be detected now. 
[0032] Thus, in optical pickup equipment 20 equipped with the wavelength plate 1 with which the phase 
contrast fields A and B which have the optical operation as 3/8 wavelength plate and 1/8 wavelength plate 
were formed, even if the phase contrast by the form birefringence of an optical recording medium 25 is 
included in the return light Lr, phase contrast differs and four kinds of light Laa, Lab, Lba, and Lbb with the 
equal quantity of light carries out incidence to PBS23. For this reason, even when leading only the light of 
perpendicular polarization bearing to a photodetector 29 to polarization bearing of the laser beam Lo from 
LD21 by PBS23, the light income Pr of the return light Lr by the photodetector 29 is set to almost fixed 
level like drawing 6 (C) which may be based on a formula (1). Therefore, the fault that the information 
signal from an optical recording medium 25 is no longer acquired is cancelable. Furthermore, compared 
with the case where a quarter-wave length plate or 1/8 wavelength plate as shown in drawing 6 (A) and (B) 
is adopted as optical pickup equipment, the range where the light income Pr of the return light Lr by the 
photodetector 29 is changed becomes narrow. Therefore, optical pickup equipment 20 excellent in the jitter 
property is realizable by using a wavelength plate 1 . 

[0033] In addition, an equation (1) is a formula which asks for the ratio (Pr/Po) of the quantity of light Po of 
the laser beam Lo from LD21, and the quantity of light Pr of the perpendicular direction component to the 
laser beam Lo in the return light Lr from an optical recording medium 25. a formula - (-- one --) - setting - 
a — an optical recording medium — 25 — having — form birefringence — depending — phase contrast - delta 
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-- one -- phase contrast -- a field -- A - having passed -- the time -- winning popularity -- phase contrast 
A - • - delta - two - phase contrast ~ a field - B -- having passed - the time - winning popularity -- 
phase contrast — B — ' -- it is . In the wavelength plate 1 arranged at the above-mentioned optical pickup 
equipment 20, 31ambda/8 and delta2 are equivalent to lambda/8 for delta 1 
[0034] 
[Equation 1] 



f(a,deltal,delta2) = ! C 2? 7 (cos(x)-cos(x-2 • deltal-alf 

k27r , Si o \ 4 ~ 

cos(x) dx * 

o 



s: 



+ 2 • (cos(x)-cos(x-deltal-delta2-a)) 2 
4 



(cos(x)-cos(x-2 ■ delta2-a)) z \ J 
+ ~ A ■ J dx • • ■ ( 1 ) 

[0035] In a wavelength plate 1, instead of forming the phase contrast fields A and B so that it may have the 
optica^ operation as 3/8 wavelength plate and 1/8 wavelength plate, it is made for phase contrast not to arise 
by making the phase contrast field B into an air space, and the birefringence film 3 of thickness which has 
the optical operation as a quarter- wave length plate for the phase contrast field A may be formed further In 
this case, when the phase contrast by the form birefringence of an optical recording medium 25 to produce is 
in the range which is 0 - pi radian like drawing 6 (D) which may be based on a formula (1 ), the quantity of 
light more than one half of the laser beam Lo from LD21 is led to a photodetector 29. And fluctuation of the 
light income Pr of the return light Lr by the photodetector 29 in this case is settled in about 0 5 to 0 75 
range. Moreover, even if the range of fluctuation of the phase contrast produced by the form birefringence 
of an optical recording medium 25 is expanded, the light income Pr of the return light Lr by the 
photodetector 29 does not become zero. For this reason, the use effectiveness and the jitter property of light 
can realize further excellent optical pickup equipment 20. In addition, in order to make the phase contrast 

x^ t0 an mr Spa ° e ' there are manufac ture of a wavelength plate 1 and an advantage of becoming easy 
[003 6 Moreover, the birefringence film 3 and 4 of thickness with which the difference of phase contrast 
A (deltal) received by passing through the phase contrast field A and phase contrast B' (delta2) received by 
passing through the phase contrast field B serves as a multiple of pi may be formed, in this case, the phase 
contrast by the form birefringence of an optical recording medium 25 is influenced like drawing 6 (E) which 
may be based on a formula (1) - not having - always -- the laser beam Lo from LD21 - the half quantity of 
light Po is mostly led to a photodetector 29. Therefore, the optical pickup equipment 20 which is not 
influenced by the phase contrast by the form birefringence of the optical recording intermediation 25 is 
realizable. 

[0037] Thus, in optical pickup equipment 20 equipped with the wavelength plate 1, by controlling the 
thickness of the birefringence film 3 and 4 which constitutes the phase contrast fields A and B of a 
wavelength plate 1, the range where the light income Pr of the return light Lr by the photodetector 29 and 
light income Pr are changed is set up, and the effect by the form birefringence of an optical recording 
medium 25 can realize little optical pickup equipment 20. For example, when the phase contrast by the 
optical recording medium 25 is large, level of the light income Pr of the return light Lr by the photodetector 
29 can be made low, and it can design so that fluctuation of light income Pr may decrease. Moreover when 
the phase contrast of an optical recording medium 25 is small, the light income Pr of the return light Lr bv 
the photodetector 29 can be designed to a high level. 

[0038] Moreover, the optical pickup equipment 20 of the polarization system equipped with the wavelength 
plate 1 can design the light income Pr of the return light Lr by the detector 29 to a high level, maintaining 
the capacity which can condense the laser beam Lo from LD21 with about 100% of energy efficiency to the 
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recording surface 251 of an optical recording medium 25. For this reason, it is the optimal configuration for 
the optical pickup equipment for record to an optical recording medium 25. 

[0039] The phase contrast fields A and B are formed in a predetermined pattern and magnitude so that the 
wavelength plate of the gestalt 2 of the [gestalt 2 of operation] operation may become =(quantity of light of 
Light Laa) (quantity of light of Light Lbb) = {(quantity of light of Light Lab) + (quantity of light of Light 
Lba)}. In addition, in wavelength plate la of this example, the sign same about the part which has the 
function which is common in the wavelength plate 1 of the gestalt 1 of operation is attached, and 
explanation is omitted. Moreover, also in the gestalt 2 of operation, the part by which light is irradiated 
among wavelength plate la is taken out and explained. As shown in drawing 7 , the phase contrast field A is 
formed in the range of 120 degrees to the core O of the optical passage side 201, and the phase contrast field 
B is clockwise formed in the range of 60 degrees in this sequence in the phase contrast field B and the range 
of 60 degrees toward the drawing in wavelength plate la of this example at the phase contrast field A and 
the range of 120 degrees from this phase contrast field A. 

[0040] the light La which passed through the phase contrast field A and received the phase contrast for A* 
wavelength when incoherent light L carried out incidence to wavelength plate la, as shown in drawing 8 , 
and the phase contrast field B - passing » B' ~ outgoing radiation of the incoherent light L equipped with 
the light Lb which received the phase contrast for wavelength is carried out from wavelength plate 1 a. Then, 
in case it is reflected with an optical recording medium etc. and incoherent light L carries out incidence to 
wavelength plate la again, as shown in drawing 9 , Light La and Lb carries out incidence from the location 
which became the light La and Lb by which outgoing radiation was carried out, and a point pair elephant 
from wavelength plate la. 

[0041] Consequently, the light Laa which passed through the phase contrast field A twice, and received the 
phase contrast for 2A' wavelength when incoherent light L passed the wavelength plate 1 again, The light 
Lab which passed through the phase contrast field B and received the phase contrast for wavelength (A'+B') 
after passing through the phase contrast field A, After passing through the phase contrast field B, the light 
Lba which passed through the phase contrast field A and received the phase contrast for wavelength (A'+B'), 
and the light Lbb which passed through the phase contrast field B twice, and received the phase contrast for ' 
2B' wavelength will exist. The relation of the quantity of light of these four kinds of light Laa, Lab, Lba and 
Lbb becomes =(quantity of light of Light Laa) (quantity of light of Light Lbb) = {(quantity of light of Light 
Lab) + (quantity of light of Light Lba)} with the rate that each light Laa, Lab, Lba, and Lbb occupies to 
incoherent light L. 

[0042] Moreover, what is necessary is just to consider as a pattern with which the relation of the quantity of 
light of four kinds of light Laa, Lab, Lba, and Lbb fills =(qiiantity of light of Light Laa) (quantity of light of 
Light Lbb) = {(quantity of light of Light Lab) + (quantity of light of Light Lba)} as a partem of the phase 
contrast fields A and B formed in the part by which light is irradiated among the optical passage sides 201 of 
wavelength plate la, even if incoherent light goes and comes back to a wavelength plate. For example if a 
pattern as shown in drawing 10 R> 0 (A) - (D) is adopted, four kinds of light Laa, Lab, Lba, and Lbb will 
exist, and the relation to =(quantity of light of Light Laa) (quantity of light of Light Lbb) = {(quantity of 
light of Light Lab) + (quantity of light of Light Lba)} of the quantity of light of such light will become 
Moreover, also in wavelength plate la, it is also possible to form three or more kinds of phase contrast fields 
instead of forming two kinds of phase contrast fields A and B. In this case, what is necessary is just to form 
the phase contrast field of magnitude which becomes twice the quantity of light of the passage light to which 
it goes and comes back through the phase contrast field where the quantity of lights of the passage light to 
which it goes and comes back through the phase contrast field of the same class differ. 
[0043] Thus, constituted wavelength plate la as well as the wavelength plate 1 of the gestalt 1 of operation 
can be used in the optical pickup equipment 20 to an optical recording medium 25 as one of the optics which 
constitute it. 

[0044] In wavelength plate la used for optical pickup equipment 20, the crystall luminescence shaft 
orientation of the birefringence film 3 and 4 and the crystall luminescence shaft orientation of an optical 
recording medium 25 which constitute the phase contrast fields A and B are made in agreement. In addition 
also in wavelength plate la, the crystall luminescence shaft orientation of the birefringence film 3 and 4 and 
the crystall luminescence shaft orientation of an optical recording medium 25 which constitute the phase 
contrast fields A and B can be easily doubled by arranging each side of a substrate 2 as a mark. Furthermore 
the thickness of each birefringence film 3 and 4 is determined, and the phase contrast field A is formed so 
that a quarter- wave length plate and the phase contrast field B may have the optical operation as 1/8 
wavelength plate. 
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[0045] With the optical pickup equipment 20 of the polarization system equipped with such wavelength 
plate la, the light La which passed through the phase contrast field A in the division light which passed 
wavelength plate la, and received the phase contrast for quarter- wave length in it, and the light Lb which 
passed through the phase contrast field B and received the phase contrast for 1/8 wave arise, and this 
division light is condensed by the recording surface 251 of an optical recording medium 25 as an optical 
spot through an objective lens 24. 

[0046] Passage of wavelength plate la of the return light Lr from the recording surface 251 of an optical 
recording medium 25 produces the light Laa which received the phase contrast for 1/2 wave, the light Lab 
which received the phase contrast for 3/8 wave, the light Lba which similarly received the phase contrast for 
3/8 wave, and the light Lbb which received the phase contrast for quarter-wave length by the phase contrast 
fields A and B, as mentioned above. The relation of the quantity of light of such light Laa, Lab, Lba, and 
Lbb becomes =(quantity of light of Light Laa) (quantity of light of Light Lbb) = {(quantity of light of Light 
Lab) + (quantity of light of Light Lba)}. - 

[0047] For this reason, even if the phase contrast by the form birefringence of an optical recording medium 
25 is given to the return light Lr, phase contrast will differ and four kinds of light Laa, Lab, Lba, and Lbb 
which filled the relation of =(quantity of light of Light Laa) (quantity of light of Light Lbb) = {(quantity of 
light of Light Lab) + (quantity of light of Light Lba)} will carry out incidence to PBS23. Therefore, even 
when leading only the light of perpendicular polarization bearing to a photodetector 29 to polarization 
bearing of the laser beam Lo from LD21 by PBS23, the light income Pr of the return light Lr by the 
photodetector 29 is set to almost fixed level like drawing 1 1 (A) which may be based on a formula (2). 
Especially, when the phase contrast by the form birefringence of an optical recording medium 25 is 0 - pi/2 
radian, the return light Lr of very many quantity of lights called about 0.79-0.90 is led to a photodetector 29 
Furthermore, as shown in drawin g_6 (A) and (B), compared with the optical pickup equipment 20 using a 
quarter-wave length plate or 1/8 wavelength plate, fluctuation of the light income Pr of the return light Lr by 
the photodetector 29 decreases. Therefore, optical pickup equipment 20 excellent in the jitter property is 
realizable also by using wavelength plate la. 

[0048] In addition, an equation (2) is a formula which asks for the ratio (Pr/Po) of the quantity of light Po of 
the laser beam Lo from LD21, and the quantity of light Pr of the perpendicular direction component to the 
laser beam Lo in the return light Lr from an optical recording medium 25 in the optical pickup equipment 20 
which used wavelength plate la. a formula - (- two --) - setting - a - an optical recording medium - 25 - 
having - form birefringence ~ depending - phase contrast - delta - one - phase contrast ~ a field - A - 
haying passed - the time - winning popularity - phase contrast — A — 1 - delta - two - phase contrast - a 
field - B - having passed - the time ~ winning popularity - phase contrast - B - ' - it is In wavelength 
plate la arranged at optical pickup equipment 20, delta 1 is equivalent to lambda/4, and delta2 is equivalent 
to lambda/8. 
[0049] 
[Equation 2] 

f^deltaLdeltaZ) = ! (cos(x)-cos(x-2 • deltal-a)) Z 

O o cos ^ dx \ 



(cos(x)-cos(x-deltal-deIta2-a)) 2 
4 



(cos(x) -cos(x-2 • delta2-a)) Z \ J 
+ ) dx • • • ( 2 ) 



[0050] Moreover, also in wavelength plate la, the light income Pr of the return light Lr by the photodetector 
29 of optical pickup equipment 20 and the range where light income Pr is changed can be further set up by 
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controlling the thickness of the birefringence film 3 and 4 which constitutes the phase contrast fields A and 
B according to the phase contrast by the form birefringence of an optical recording medium 25. For 
example, what is necessary is to make it phase contrast not arise by making the phase contrast field B into 
an air space, and just to form further the birefringence film 3 of thickness which has the optical operation as 
a quarter-wave length plate for the phase contrast field A, when the phase contrast by the form birefringence 
of an optical recording medium 25 varies in the range which is 0 - pi radian. Consequently, the return light 
Lr with the about 0.50 to 0.67 quantity of light of the laser beam Lo from LD21 is led to a photodetector 29 
like drawing 1 1 R> 1 (B) which may be based on a formula (2). 

[0051] furthermore, to always maintain the light income Pr of the return light Lr by the photodetector 29 on 
fixed level, without being influenced by the phase contrast by the form birefringence of an optical recording 
medium 25 Phase contrast A' which receives the phase contrast field A by passing 1/3 wavelength plate and 
the phase contrast field B through the phase contrast field A like 2/3 wavelength plate (deltal), What is 
necessary is just to form the birefringence film 3 and 4 of thickness with which a difference with phase 
contrast B' (delta2) received by passing through the phase contrast field B serves as a multiple of 2pi/3. 
consequently, the light income Pr of the return light Lr by the photodetector 29 influences the phase contrast 
by the form birefringence of an optical recording medium 25 like drawing 1 1 (C) which may be based on a 
formula (2) -- not having -- always -- the laser beam Lo from LD21 -- it becomes the half quantity of light 
mostly. 

[0052] Thus, also in optical pickup equipment 20 equipped with wavelength plate la, by controlling the 
thickness of the birefringence film 3 and 4 which constitutes the phase contrast fields A and B of 
wavelength plate la, the range where the light income Pr of the return light Lr by the photodetector 29 and 
light income Pr are changed is set up, and the effect by the form birefringence of an optical recording 
medium 25 can realize little optical pickup equipment 20 
[0053] 

[Effect of the Invention] As explained above, the wavelength plate of this invention will give predetermined 
phase contrast, if light passes through a phase contrast field, and it is formed so that it may differ for every 
phase contrast field which passes the phase contrast received at this time. Therefore, the light which the 
phase contrast from which some kinds differed has produced will be contained in the light which passed the 
wavelength plate. For this reason, in the optical pickup equipment which makes only the light of 
perpendicular polarization bearing penetrate, reflect or diffract in the predetermined direction to polarization 
bearing of the outgoing radiation light from the light source, though the phase contrast by the form 
birefringence of an optical recording medium was included in return light, the information signal from an 
optical recording medium can obtain certainly. 

[0054] Moreover, the wavelength plate of this invention can set up the range where the level of the light 
income of the return light by the photodetector and its light income are changed by controlling the phase 
contrast of a Gentlemen phase reference field, for this reason, optical pickup equipment excellent in the jitter 
property of not receiving effect in the form birefringence by the optical recording medium -- being 
realizable . 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[0 0 2 1] {ftfflM1S«Afe«I;tf BO«Jffl«rM3 40 

*5 «k tf 4 t±|s] 5 ©fig L& < X fe & < , 

CHT*t§o fi[fflMtHSA««fetfB©PiSKUfi 

^mcttLxmn&wm^Bj$.tz>zt$>njmx& 

3o £?>K, {ftffiiiffi«AJ5J:tfB©-£*Si«t*fr 
©|iJfflja^SS«>5fe«>fcffiffiM1ii«A*«J:aB»cS» 
[0 0 2 2] tiWffim3 IS&Xf 4 OWtfifctLTto, 50 



^P»1¥ 1 0- 1 0 4 4 2 7 
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mM<oftt>*)ic7>rty&m*m^<i£t>x"&&o 
*>7>^v$mz&-D xmmm 3 $ * 0 4 %^«i-r s« 
£k a * v * * ^ffl </ * -a «: t xmrnrntfr a&zv 

(LiNb03) «$*Bf5E©j£R(C*'y h LT, £©#<y h L 

rcyk&mzmmcttLxmivz&oK? z>c£t>m 
mx&z,. 

[00 2 3] mZK7T<t ^V3t-l/>h)tL 
tf«fi« 1 KA&hT&£, fiffiM^A^fflJiLTA' 

LX B ' ifcg#©titflM£§ttfcftL b t^m^fc^y 

3t-u/>h)tL!b<&sfii*^tfii**nSo fog, 

y 3 k - U y h « L tfWE&mfo* E XfcMZ nxn 
« 1 ^&ttil**nfe«L afeJ:D'L b fcjftafttcttofc 

[0 0 2 4] colglg, -fynk-uyh^L^TOiS 
*«l*ffl3flfSfc* ffi«IS*«Ai&2I5IffljflLT2 
A' &ft^©ffifflg*StJ^La a, ffifflSfSttA* 
jiiiLfeO^ffiffllliSWB^iaiiLT (A' +B' ) » 
«»Offiffl|g*Stfrc)tL a b, fitffiMffi«B*jlifiL/ 
fcO*ffifflSS««A*5BiiUT (A' +B" ) Sfi#<D 
fefflM^SttfcTt L b a , *5 cfcmifflM^ B * 2 Hi! 
jBLT2B' j^553'©{!il9M ; &g^rc7 I 6L b b 
Sd^JC^^o ^6tC N iin?>4a"9(D7tL a a, La 
b, L b a, *5cfcD*L b bti-TVnt-by h^L^tc! 

ELXm.%t2tl2>$><Dtfr%tZE1) <i XZ2><DX\ 3k 

-uv hjt^KSfi 1 i&aat 4i^?t 

Laa, Lab, Lba, tS&tfL b b^^SL, Ctl 
5>0)tL a a. Lab, Lba, *3<tt>'L b btD^Mfe 

[0 0 2 5] ftfe, MS 1 ©Ttffijlffi 2 0 lCD^ft 
)V BBI* $ ti § JBfig-T § tet§M^J§E A cfc O* B © / * 

^-yfcbrtt, ±ia(D/^-y^[5g?>-r^y=ik:-u 

yh3t^iftS«*S«LTt, 4l^)tLaa, La 
b, Lb a, fccfctfL b b ©ftft^f^T^ L < 

5a/^^-y*Sfflfntf«tv\ rct^.^, 04 (a) 
~ (d) fcj^+iaft^^-yftasffl-racfctfT* 

So 04 (A) ~ (D) t^-f/^-yti, i^-fn©/^ 

^-yttefflM^AfeiifB^MW^ns^Tta^ 

HL<, 4l*)©)^Laa, Lab, Lba, 

fe«ktfL bb©fta#3!L<&ao Sfc, nti-byh 
0 4 (E) K;jVr<fc5fc«Hat£ 



7 

a fe«tt;B *jBis-rs«to t) 3 am 

[0 0 2 6] c©«fc?fi:fllJ$LfcKgffilH\ ftf2fS& 

f*=fc*r-rsii^o^try^7>y^SsHn:*j^T, **i 10 

@ 5 tSO't, #8iB*31/B LfcifclS i fcffl^fdlft 

•y^7>y7SB2 0©8M&«jff£*?-<fc3^ ft^-y^ 
7 -y 2 0 ©ft^£f±, U-1fftWe** U~*f* 
-T*-F (LD) 2 lfrSftWSnfcU-lfftLofcft 
flBfltfttt2 5 ftfEil&<*2 

*fltt.TU"»S. aBfctt, LD2 lfre>ftfEli$f*2 5 
t£fatWT?U—T<fy?l'>X2 2* 1BftV—L>X7 20 
Uy*- (PBS) 23, femfaL fccfct/fcfflU^X 
2 4tfil©Jlrt!fcSEti*ttTV5o ^b-f^^l/> 
X2 2t±LD 2 1 fr6©U-1fftL 0*5O©b— Ifft 
ttffflf S cfc 5 C#!fiRSnT^So 
[0 0 2 7] fttr>y^7>y7lgB2 Ot^T, LD2 

1 fr&tftffSftfcU— If^Lott^U-x^y^U^X 

2 2CJ:oT5O0U- IfftfctffflSftSo C©5 0© 
#*Jftfc»\ P B S 2 3tC<fcoTi5(?9 Ogjt^fp]*^ 

[0 0 2 8] i&filfi 1 tfi[fflllfiUSAfeit/B*«^ 30 
V^f±ttffl^«« B ©JSSItt«|©£fi Jb^OftfifclS 

igSfii^Eii-rscfctcfet), {iffiM^Afecfeu-'B 
mmfo 2 5 oigr B 7ts6o73iS]*e^^-s-^^§ c t j^t? 

[0 0 2 9] $fc, SftfiKi, ffifflS1S«A^3/8 40 

«snr^5„ ma i/8isswj? 

d 1 W\ 

A/8 = d 1 (n. -no ) 

ffiU n. :SiMt5IP 

n. : *3fctWr«ffl»f* 

A : U-^fft L o ©$fi 

T°h<0, 3/8gE§4£©§tJpd 3«, 

3A/8 = d3 (n, -n. ) 50 



«fBB¥ 1 0- 1 0 4 4 2 7 
8 

tteZo £fc, ■fiffl^^A*3j;0 : B<D?SMiT^3feJ; 

fcisfiffinsiftfc-e-tf, (tffiis««Afe«kt;B*«ijjg 
■r*ajB«f«3*j:tf4otm*as:e»-&T, (ifflsisg 

# A cfc tf B ©^*Vf ft©HJP*|W] DtCTS C t fe nJfE 

T'£5 0 SJi»rffii3fe«ktf 4 0*fS©3SRfcoi^rtt, 

[0030] i *iijaufc«-i«jy6Ka, ffi'MLK 

H o KfitfflMSUS A feffiffl LT 3/8 $fi#©{ifflM* 
Stf/cftLai:, <ftfflM1iB«B&ffijILT l/8«g# 

If L b £-&A,/£#9Jftfi*H*| UVX 2 4 *ft LTftfSil 
«ft2 5©IB1I2 5 1 fc^ft^ftftX^-y htLTZ 

n^n^ye^nso tan® 2 5 1 

[003 1] tgBfcli, «fBSjgftc2 5fr6ftfctfJ82 
9tC|ft*>oT*H*UyX2 4, Kftfil, PBSZ3tf 

3t L r ti^l^yX2 5 *^LT^SS 1 tH^tlSo 

ttffiSSjBttAfc.ttfBfc.fcoT, 3/4»g#©ffifflg 
*gtt feft L a a , 1/2 &S#©ffifflg#gtt/cft L 
ab, Rli;< l/2i65#©ttt§gi&gW-fcttLb a» 
43 J: tf l / 4 Kg#0{ftffl8*Sttfcft Lbbtf4U 
So e:*l6©)tLaa> Lab, Lb a, *5«fctfL b b 
©ft£tt-f^T^U\, tfthAmKKDJtL a a, La 
b. Lb a, fccfctfL b b *^A,f£M D ft L r ttP B S 
2 3fc:3|frtU LD2 1 fr&OtHftfettL o ©fllftTj fit i: 
llttftflft£fr/£^©^P B S 2 3*jgjiLT^ffi 
§§2 9(Ca»^nSo ftfcffl«S2 9W\ 5fi©gftSe^ 

h^aO > t7^-*^y^Xv-fs^ (FEfM^) % h 
v-y^/^xv-fl^- (TEI^) x te«ktftr-y hfi^- 
(R Fif ) *^ajT'#S=fc9t*oT^So 
[0 0 3 2] iI(Dcfc^tC3/8&fiSfcJ:D"l/8KS 

fat bxcD^mm^t^mmmm^^UBifm 

^Sc^nfc^S® 1 *e^.rc)tlf>y ^7-yygB2 Otfc 
l/^Tti, M0f£L rt)tlSSj8ft2 5 <D^M/f ttfc cfc 5 

4lMLaa, Lab, Lb a, fecfct/Lbb^P 
B S 2 3 {CA^^So H<Orctb, P B S 2 3£<fcoTL 

d 2 ifrzvis-vKL oomy&jiSLicttLxmmi&m 

&Z9lC&Z>MK>ytL r(0§)tiP r tt, S (1) fell 
O^?#c,tlS0 6 (C) Oiat, l5ff-£(DU-i;Kc 



(6) 



6 (A) , (B) fc^-f J^fcl^ifcgffiScfcttl/ 

i: tc «fc 5 , ^ * * -nmcmnrcK tr >y * 7 7 7gn 2 

[0 0 3 3] &*5s S ( 1 ) it. L D 2 1 fr&Ob— If 
7*cL o(D^tMP o fcft|B®JlSltt2 5^60Mt))tL r IC 



f{a,deltal,delta2) = 



1 



S27T 



cos(x) dx 
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*it (Pr/Po) fcJSfcSfHSWe&So 3 (1) fcfc 

d e 1 t a 1 teteffiMnPi$A£jIi®Lfct#fc:Stt 
SteffiMA' , del t a 2tttefflM<S«B*ji3aLfc 
t^KlgtfSteffiMB' T*&S 0 ±S27te>y^7>yyg 
H2 OKEKSftfcafcgffil THi, d e 1 t a 1 3 A 
/8, delta 2*U/8Effia-r5. 

[0 0 3 4] 

[Si] 



■S 



2te7 



(cos(x)-cos(x-2 • deltal-a)) 
4 



2 ■ (cos(x)-cos(x-deltal-delta2-a)) 
4 



(cos(x)-cos(x-2 • delta2-a}) 



dx 



(1) 



[0 0 3 5] MM 1 fCfc^T, 3/8 ±tf 1 

fc LTteffiMtf£i;&i/^9tcu s&fc, ttffiHfig« 
a* i / 4 ssisi: tr©3t*f^ffl*#-r« i 5 %mm 

©$jS#T§t3£jfMLTt><fcV\ C S 30 

(1) £go*€M#6ttSB6 (D) <E>«fc5K, 3fciEg8S 
ft25 fO^JStFT-atC £ S£ C SteffiMtf 0 ~ n 5 ->*7 > 
©IBHtilfeS^Cti, LD2 1 fre><DU-1fftL o£>¥ 
#£U:©)tefitfftEfctb.&2 9tCa»^nS 0 L^t, Z.<D 
#&€>yfi«aiS 2 9 1 £ SM D ft L r <D§fta P r 
®)t±^]0. 5-0. 7 5©IBHtClR$* 0 Sfc, Jti2» 

i<*2 5 oxmtftmc <fc o stefflM©s»is*^ 

V v $ -fttttf V * 9 fcftfcft tT >y * 7 y 2 0 40 

[0 0 3 6] teffiMtS^A^iij§-rsi:i:{c c fc-o 
TgtfSteffiMA' (del tal) fc, teffiMt^B 
^il^fSC^CfcoTgW-SteffiSB' (delta 
2) tOM^nOffifSt&SJ;3ftMff©SJB#f«l3* 
<fct>*4£jfc/£LTt «U\ COifr&Kti, S (D'tl 
0"#fi5ft3ei6 (E) <D<fcMc, 7fc!2ti$®ft 2 5 ©^ 

u— *f ft l o <Dm£¥ft<DKm p o # ft&ajfs 2 9 tc$ 50 



LfctfoT, ft!2ii!&2 5 ©*SS#f ttK«t Ste 



So 

[0 0 3 7] c©J:5fcilSfifil*ilAfc3ttl?v^7'y 
^SH2 0fcfei/->Ttt, »gfil<DteffiM1S«A*J;tf 

b sMirss/sjffli 3 & cfctf 4 ©jsipj&^jw-r s c £ 

fc<fc»K )tttttlti2 9fC«fc5M»3)tL rC§ttP r 
■S\ SttSP r©gf&rSWSH&i8£UTtt£Si8tt2 

5 ©aatffitfi: <fc i^jt e >y ^77 ysa 2 

0*^8!T?tS. fcfcfctf, «aHS«S«*c2 5 C J; Steffi 
Sltf*#^«£fcfci:, ft*£ffl§§2 9t<kSgO^L r© 
St^MP r ©U-01/£{g< LT\ SftMP r ©£»#'> 
&<&S,£9Jc|£ft-f ScttfT^So Sfc, TtlB^Ji 

#2 5<Dimmf?'h-$^m&iaz, mub&z 9icxz> 
[0038] src, »gfii*«Arcffljt3S<o)tfe:y^ 

7-yygfi20ti, LD2 1<p50U-1f)tLo*3iae 
ii^»2 5©IH^ffi2 5 1 tSffl 0 0/<— tr> h©x 

^S 0 CCDfcfe, «SBS««s2 S^OEBSfflO^tJy^ 

[0039] mm<D&m2] nmvBMzvMm 

it, OUa aOJfcfi) = (^Lbb©7t«) = { 
LabcD^a) + OtLbaOft*) } t^Sctotcte 
«M1R«AfeJ:tfB^m^o^*-X fro, 
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1 a Tti, 7tji5§ffi2 0 1 <E>tf&Ofc**LT 1 2 0 

[0040] m&fcm-?£?fc, ^y^~\yyy%L 

tmmk \ aicxMtzt, mmmm.A*wMLT 

A' »S#©ttfflM*§ttfcftLai:, ffifflHISiSB* 

-03b-uyh7 1 6L^fisra^p»tii^$n§o * 

SSSl afr5tfi&£ttfcftLafc«fct;Lbi:j£*t 
fcK&ofcffcgfreftL a*5«fctfL btfAJtfTSo 

[0 0 4 1] coisa, -<yat-\sy hftht>mzfr& 20 

fi^l^ajM-r^i:, (ftffllim«A*2@iijiLT2 
A' »fi»©ffi«a«Stffe)tLaa, fiM@M8l«A% 
jljiLrctD^filgM^B^ljiLT (A' +B' ) i& 

ft»offifflM*s»fc)ttL a b, mmmmzmmL 
k<D%\mmmA%m&Lx (a* +b* ) &g#© 

ffiffi3*3ttfcftL b a, fe«fctf{a*aSSB«B%2 0ii 
jlLT 2 B' KMtfOffifflgfcSttfcft L b btf#ffi"T 
SdfcK&So iltl6 4lt)(D3tLaa, Lab, Lb 
a, fcitfL b b C07t«<DlW^t±> ZtlZtHDltL a 
a. Lab, Lb a, ftitfL b b*V>3 1— |> 30 
ftUC£ib%m&fc&ir ) (ft L a a <Dft«) = Ofc L b 
b©ft*) = f OtL a bcD3t*) + OU b a ©ft 

[0 0 4 2] *fc, ifcgffil a©7ftli®ffi2 0 1 <D?*> 

yt&wmztis&&ic&f&T %\mmm a t; b © 
w-ytLTte, ^y^t-i/yhKtfmmmttQm 

LTfe, 4jID©ftL a a, Lab, Lb a, fcith'L 
bb©ft«©H^tf OfcL a a©ft«) = OtL b b© 
ft*) = ( (ftL a b©ft») + (ftL b a ©ft*) } 

s»fcrj:3ft/<*--yfc"*-fttfj:v\ rct^jf, ai 40 
0 (A) ~ (D) ^-?&?%j\$~y%mm-?tii£. 

4iI»3©ftLaa, Lab, Lb a, feilfLbb^ 
&U fro, £n?>©ft©ftfi©li9&tf (TtLaa^ 
ft) = (ftL b b©ftff) = { (ftL a b©ftB) + 
(^LbaCM) } fc&S. £fc, atfe^ 

tc, 3 S!®tU:©<ufflM^£Mf 3 c £ & BJ^T$» 
iiiajfc©)lfifi©2<gi:!a:«J:5**#*Ottfflll1S«* 50 



#M¥- 1 0- 1 0 4 4 2 7 
12 

[0 0 4 3] CO&olcm&LtcWLmfol at, Wk<D 

bmi (D&mfoi tmm^mmmw2 5£*hr§fttf 

-y * 7 -y 2 0 fc fe^T, * 

[0 0 4 4] ft^y*7v:/8H2 0fcfigfflLfc&g« 

1 alCfe^Ttt, fflffla««AfeJ:aB*«ldt-r5lgffl 

3 fe «k tf 4 ©ISIIftttl©#lS] £:ftfEti*itt 2 5 (Dig 
H B B ftia©£fatf-gi£-eT&3o fcfiffil atcfe 

^Tt, SSE 2 ©SjafcaBifcLTEBf 
ttfflM® « A ft £ tf B *«dcf £> SJSffrfll 3 ft £ tf 4 © 
^ B s B 7tfA(D^^t^|B^«ft2 5 <D|g H B B ^fA£D7a(n]^ 
gt^t^Cfc^T'tSo * etc, {ftfflgttJSAtf 1 
/4&S1S, fi[fflM1IB«B*M/8iftSSi:LTO^ 
fffflWSd:^:, ^n^no«Sf/T^3^cfct>*4© 

[0 0 4 5] C©«fc5ftifcgffil a£«M.fcigtt&©}fc 
£ , y // 7 y yg B 2 0 T'ti, 1 a SJiSi Lfe^W 

ftfcfi, ttfflMffiSA*jiiaLTl/4KSi>©ffi[fflM 
fcSttfcttLafc, {firtBMSf$B£j§>®LT 1/8JSS 

^oiifflM^s^fcye l b w± i;, c o^ffljtttJt* u 

^X2 4*^bT)tSB»«t#2 5COlStlffi2 5 1 fCJt^ 

[0046] mm.mw2 5(DBmmz 5 1 j^soru 

ttLrtfBftlfil a^ji3§-r?>^, Bt3ZEL/-cJ:at, {u 
«SS1R«At3j:t;BtJ;oTx l /2Sfi»<Dfflffi|g% 
gttrcTt L a a , 3/8 Kg^OfflfflSSS^feJt L a 
b, Ir]1;< 3/8KS^«DfflfflM5&S^fcJtL b a, *5 

it; 1 / 4 «g^©{ftfflM*s^fc« l b b tug. 1; 5 o 

C tlBO^ L a a , Lab, L b a , ft J: If L b b <D% 
m<DmmZ, mi a aOJtS) = ()tL b b<DM) 
= { OtL a b©)tfi) + ifth baO^l) } lets 

[0 0 4 7] dCDfcfe, y63B»fflE#2 5 ©IgSSfltfC «t 

0, (^L a a©)t» = GfcL b b©^») = { 
L a bOttfi) + (t^L b a<D^M) } OS^JRfct 
ft4lO«)tLaa, Lab, Lb a, ftitfLbb^ 
PBS2 3fcAlrt"*{:tlt:ftS„ LfetfoT, PBS 

2 3fci^TLDz i frt><DU— yyth o<omyt^isnc 

^T't, JtttWS2 9tcj;§MD7tL rOSJtfiP r 

«, s (2) {ca-3tf#p>n?>0 1 1 (a) ®«fc3fc* 

tif J: § ffiffigj^ 0 ~ n / 2 y V7 yv$> % «^{c 
fix (if£0. 7 9-0. 9 0^1/^I^C^^7 , ea(DM 

(A), (B) (Di^^C l/4fc5«£fc& l/8»g 
«*fflv>^7 l 6e>y^7>y7 0 SS2 Otcjt^T. JtttWS 
2 gtciSKOTtL r©g?t*P r ©gft^S: < ft 



(8) 
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3 0 LfctfoT, aSffl^CfctioTt^ 

•So 

[0 0 4 8] ft*, a (2) tt % Sgfel afcffl^fcft 
tf>y^7>y^fi2 Ofcfcl/vr LD2 1 fr&Ol/— tfft 
L o©#SP o fc N ^IB^ft2 5fr£©MDftL rt 

fettsp— yjtL otcj*-rssa^iR]fiR»o^ap r© 

Jt (P r/Po) ^46§at@STfe2.„ S (2) fcfe* 



f(a,deltal,de]ta2) = 



1 



S27T 



cos(x) dx 



«rffl¥ 1 0- 1 0 4 4 2 7 
14 



d e 1 t a 1 fiffiffiggUgAfciliSLfc 
S&ffiMA' , delta 2tt{fi[fflSfii«B 



OfcSEfi^tifcfegfe 1 aTli, delta ltf A/ 
4, delta 2 flU / 8 KftHZ? % 0 

[0 0 4 9] 

[ft 2] 



•s:( 



(cos(x)-cos(x-2 • deltal-a)) 
4 



+ 



(cos(x)-cos(x-deltal-delta2-a)) 



(cos(x)-cos(x-2 • delta2-a)) 



dx 



(2) 



[0 0 5 0] $fc, SS^l atfeVTfe, ^ESMtft 

o= b %«!^-r saiaflfBi 3 fed: tf 4 wr s c 

SM^Lr(D§MPrV, 2 fMPr^f 

ft-r*«ia*R£ , T?#*o rcfc^tar, ftissj«f*2 5© 
mmmmc & % {mm* o-n? ^©usim* e>o 

ftv«fc3teU £e>fc, {ftfflll^«A*i/4}figffii: 
LT©)tt*ffffl*^1-S«fc 0 ftM/P©*f Mi3 

■rntfj:v\ c©*gjk ^ (2) KS^#fie»tisEi 

1 (B) (D&olZ, LD2 1fr5CU-f3l6LoOSU 
0. 5 0-0. 6 7©ft«£#oM f 5ftL rffflfittttiffi 

2 9fc3*^n« 8 

[0 0 5 1] 2P>{C, )l£iBSji^2 5 0«ja#fttfc«fc* 

fiLfflHK»»«ni*K:, yearns 2 9fc&zmoytL r 

©§t£«P r£1irfc-£©l^l/fc||JSUfc^»&fc 
fi s tefflMffilc A * 1 / 3 Sgfi, ffifflU® « B * 2 / 

3 ffiS«© «k 9 fcfittBMnS^ A * jiifi-r 5 c 1: ti: «fc o T 
gtfSftfflMA' (del tal) t, ttffi££ttB& 
ililf SChKioTgtfSfirtgMB' (delta 

2 ) 4: ©Stf 2 n / 3 OfggSf ft 3 <fe 9 ftMff QttJBffi 
K3fcJ:t/4£}&S-fntf«J:V\, £©££* S (2) tc 
So*^f#t,nSEI 1 1 (C) ©<fc5fc, )tttttiS2 9fc 
«fc 9 ft L r ©§7t« P r «\ ftiEStggft 2 5 ©«JI 
#fttEJ:*fi[fflM*i:K»*nr^ SCLDZ lfre©^ 
-if ft L o © 15 (£¥#©ft» t ft 3 o 



[0 0 5 2] £©<fc?fc:&Mffil a%1R*.rcft\£yi'7 
7 7*il2 0 leftist fc N aOffiffiSflWGA* 
J:tf B *««-r*«JS»f« 3 fe«ttf 4 ©)iJP£3iimi1-3 
CfcfccfcD, y&&m«2 9fCkSMD#L r©gft*P 

gft»p r©girrs*BSB£t83£LTfti2SJ8f* 
2 5 (ommmmc xz&wtp'pte^ytvv try ymm. 

30 2 0^aTf§, 
[0 0 5 3] 

[^©$J£] W±ittWUfc«J:5K> *fgH^<D&g« 

sct^. c©fc«>, ftfe^©a^ft©Mft73fiz: 

t*t l t ft miti5QL<D%i£ v*mfe<Dft mic mm, 

R£t> £fc«@#r£#&ft^v^7>y:/g8K::j3^T, 
^/ct LT&x ftSEfi^f*fr5©ftfflm^tfSt^l<:£3 
[0 0 5 4] #«JPi©Kgfi«:, ^fitfflSnB^© 

gft*© u^i/fe«tt;^©s^s©si!i"r5iEH*ia£ 

14t^^tfti/^>*>y^-#1t{c^tifc^tr>y^7«y 
^gB©H3KT'$i. 0 

50 [01] (A) a#8lfl*SfflLfcSg«©SMaBL 
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(b) immLvtti^irytwmstzti&pmmio 

[02] m i ic^t^m^mmLrc^y^n-uy h 

[03] mzfcTF.-rjy^t-isyvfi-tfMxsm it* 

[04] mncm?i&&Mtim%;z>^$i~yfcBf&-£ 

[05] mifc*?mmm*mx.rcft¥y>7 7yTgw 
(D®mmj$.m-?hz>o io 
[06] &m<Di$.&m%ft,\£v57vTgwimmLrc 

[07] *%w*mmLtzmmfo*m?mmm-?&z> 0 

[08] 0 7^^TSS«^r}l^Lrc^>=it:-^y h 
[09] i 8 tgt'f V3 t-UV b)ttffftfg 7 



*$P»W 1 0-10 4 4 2 7 
16 

[01 o] 07 ic7n-tmmfatim%5>^$-yfcBf& 

£ft£j£S1££^-f¥ffi0-e&£> o 
[0113 §S©Sfiffi^bf-y^7-y^g^fflL 

K la i&gffi 
2 

20 K 2 0 2 ftffijiffi 

3, 4 flS^i! 

2 0 %M-^T-jTmW 

2 1 U— *f^*-F (LD) 

23 fiiftti-Axeu > y £- (p B S) 

2 4 m^vyx 

2 5 ftlBg^tt 
2 9 ft&Wgg 
A, B fl[ffiM1SS« 




(11) 



ftB8¥ 1 0- 1 0 4 4 2 7 



[0 6] 



(A) 




(C) 



_L 1 , 

oa460 (rad) 



(Pr/Po) i 



0.5 



-I L. 



(E) 

(Pr/Po) 1 
ytM. o.s 



-i r 



0 2 4 6 8 (rad) 



o 2 4 6 B (rad) 



(B) 



(Pr/Po> i 

TfeM 0.6 



(D) 

(PrrPo) 1| r 



tiffin 



D.3 



— ' L -~^- 1 , .41 

0 2 4 8 » (rad) 



o z 4 6 8 (rad) 



(12) 



WBB¥ 1 0- 1 0 4 4 2 7 





(13) 



WfM¥ 1 0- 1 0 4 4 2 7 



[011] 



(A) 




(B) 

(Pr/Pa) 1 



02 4 6 8 (rad) 




0 2 4 6 8 (rad) 



(c) 

(Pr/Po) 1i 1 r 



0.5 



8 (rad) 



